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2. Abstract 
Ocean warming and increased sedimentation from coastal activities are major threats to 
coral persistence. This study assessed the effects of increased temperature and 
sedimentation on the survival and growth of Acropora cervicornis recruits. The potential 
for adults from different regions and genotypes to confer their offspring with higher or 
lower tolerance to heat and/or sediment was also determined. Gametes were collected and 
brought to the laboratory for cross fertilization of different genotypes within the regions 
collected. Larval rearing and settlement were then performed in the laboratory. Newly 
settled recruits were reared at 29 and 31C (current summer temperature for August 2017 
and +2C as predicted for 2050) and 4 deposited sediment levels and turbidity (0, 30, 60, 
and 120mg cm-2, corresponding to 0, 4.52-5.35, 8.16-9.7, and 18.53-19.4 NTU). Recruit 
survival and growth were measured weekly for 3 months. Increased temperature reduced 
survival, suggesting faster usage of energy reserves. Regardless of temperature, survival 
was maximized under 30mg cm-2 sediment; the highest sediment level drastically reduced 
survival. Increasing temperature by 2C was as deleterious as doubling the natural level 
of deposited anthropogenic sediment, suggesting that eliminating local stressors may 
allow recruits to better sustain ocean warming. Growth was not affected by temperature 
nor sedimentation. Recruits produced by parents from the Florida Keys had a lower initial 
size but higher growth rate than those from Broward County. None of the parental 
genotypes conferred their offspring with higher or lower tolerance to warming and/or 
sedimentation. Reducing turbidity to 4.52-5.35 NTU or less during coastal construction 
may facilitate the persistence of this species by reducing recruit mortality the first 3 
months post-settlement. 
 
Keywords: dredging, juvenile, coral 
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3. Introduction 
 Coral reefs are one of the most biologically diverse habitats and provide important 
ecosystem services and economic revenues. Reefs protect the shoreline from waves and 
storms, serve as spawning, nursery, and feeding grounds, and provide habitat for about 
25% of known marine species including fish, coral, and plants (Moberg and Folke 1999, 
Cesar et al. 2003). Coral reefs provide seafood, mineral oils and gas, materials for 
construction and essential ingredients for medicine. Tourism, recreation and fishing on 
coral reefs contribute to the economy by providing income and jobs for millions of 
people that rely on coral reefs for their livelihood (Moberg and Folke 1999). These 
benefits are estimated to have a value of approximately $800 billion globally (Cesar et al. 
2003).  
Despite their substantial value, coral cover has drastically declined over the past 
four decades, particularly in the Caribbean (Hughes 1994, Alvarez-Filip et al. 2009, 
Jackson et al. 2014). This decline in major framework building corals was mostly driven 
by the region-wide loss of the two Acropora species, which had dominated Caribbean 
reefs for millennia (Greenstein et al. 1998, Aronson and Precht 2001, Miller et al. 2002, 
Pandolfi and Jackson 2006, Jackson et al. 2014). The mass mortality of Acropora species 
began in the 1970’s as a result of a white-band disease outbreak (Aronson and Precht 
2001). This decline was further accelerated throughout the 1980’s due to the mass 
mortality of the sea urchin, Diadema antillarum, which facilitated a shift from a coral to 
macro-algal dominated ecosystem (Carpenter 1988, Hughers 1994, Jackson et al. 2014). 
Recently, the two historically dominant coral species in the Western Atlantic, Acropora 
cervicornis and Acropora palmata, were listed as threatened under the Endangered 
Species Act (NMFS 2006), and as critically endangered under the IUCN Red List of 
Threatened Species (Aronson et al. 2008a, b). The loss of these framework building 
species has led to an overall decline in the structural complexity of Caribbean reefs, with 
direct impacts on the biodiversity that the habitat is able to support (Hughes 1994, 
Edmunds and Carpenter 2001, Cho and Woodley 2002, Alvarez-Filip et al. 2009). 
Acroporid populations have since been unable to replenish themselves in much of 
the Caribbean due to a variety of anthropogenic stressors. Substantial adult colony 
mortality has resulted directly from overfishing, pollution, and sedimentation (Bryant et 
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al. 1988, Jackson et al. 2014, Harborne et al. 2017, Hughes et al. 2018) and indirectly 
from warm ocean temperatures causing an increase in disease prevalence and hurricanes 
(Webster et al. 2005, Williams and Miller 2012). Although Acropora spp. can recover 
locally through asexual fragmentation, this reduces the genotypic diversity within a 
population. The replenishment of lost populations requires sexual reproduction and 
recruitment to that area. However, recruitment of Acropora is very low due to limitations 
throughout its different life stages. Adult Acropora colonies occur in thickets that often 
consist of one or few genotypes due to fragmentation (Baums et al. 2006), but the 
reduction in coral cover has led these thickets to become less dense and farther apart from 
one another. This decreases the chances of gametes of different genotypes encountering 
and fertilizing, thus reducing sexual reproduction and genetic diversity. Larval 
development may become compromised due to predation but this is most likely not a 
substantial cause of mortality as the amount of predation should not have changed over 
time. However, the increase in macroalgae cover throughout the Caribbean due to 
increased nutrients and the reduction in herbivores (Jackson et al. 2001, Knowlton and 
Jackson 2008, Erikkson et al. 2009, Hoey and Bellwood 2011) may inhibit larval 
settlement. Macroalgae preempts space, reduces the substrate for larvae to settle on, and 
releases allelopathic chemicals that deter larvae (McManus and Polsenberg 2004, Kuffner 
et al. 2006). Post-settlement survival can also be reduced due to the nature of macroalgae-
coral competition for light and space.  The small size of newly settled coral recruits 
makes them highly susceptible to this competition as macroalgae grow faster and shade 
and abrade corals (Harriott 1983, Box and Mumby 2007, Arnold et al. 2010, Yarrington 
et al. 2013), reducing light availability and physically harming them. Since Acropora 
species are lecithotrophic (i.e. energy is supplied by parents and not from additional 
feeding), newly settled recruits may be at higher risk of mortality under stressful 
conditions. Elevated levels of sediment, turbidity, and temperature increase the mortality 
of coral recruits (Babcock and Smith 2002, Nozawa and Harrison 2007, Fourney and 
Figueiredo 2017, Humanes et al. 2017, Moeller et al. 2017). Sedimentation is an 
especially severe threat along the heavily populated coastlines that neighbor the Florida 
Reef Tract and experience frequent coastal and port construction. It is possible that these 
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local stressors compound global threats impacting coral reef ecosystems around the 
world, in particular increased sedimentation and ocean warming. 
Ocean warming is a global threat to coral reef ecosystems and has resulted from 
an increase in carbon dioxide and other greenhouse gases in the atmosphere. Although 
carbon dioxide occurs naturally in the atmosphere, anthropogenic sources (i.e. fossil fuel 
combustion and industrial processes) have been increasing the amount of carbon dioxide 
that is introduced into the atmosphere (IPCC 2014). Since the industrial era, these 
anthropogenic sources have caused atmospheric carbon dioxide concentrations to 
increase drastically. As a result, the average SST has increased by approximately 0.6C 
over the past century and is projected to increase by another 0.8-2.6C by 2050 (IPCC 
2014).  
Increased temperatures are known to negatively affect corals at all life stages. 
Heat stress causes corals to bleach, i.e. lose their symbiotic algae or the algae’s 
photosynthetic pigments (McWilliams et al. 2005). Coral bleaching has increased in 
frequency and intensity in the past four decades, reducing the coral recovery time 
between bleaching events (Hughes et al. 2018). An increase in temperature has also been 
shown to negatively impact calcification and linear extensions rates of corals (Tanzil et 
al. 2009, Cantin et al. 2010) and their resistance to disease (Bruno et al. 2007, Smith and 
Smith 2009). Warmer temperatures can cause an early onset of coral spawning and 
significantly decrease egg volume and sperm concentration (Paxton et al. 2016). This is 
detrimental to the synchronous release of gametes and reproductive success of corals as it 
may hinder the chances of encounter between egg and sperm in the water column. An 
increase in temperature has been demonstrated to decrease fertilization success (Albright 
and Mason 2013) and increase the development of abnormal embryos (Chui and Ang 
2015). Elevated temperature facilitates an increase in metabolic activity and significantly 
reduces larvae survivorship (Randall and Szmant 2009), thus faster larval development 
and decreases the larval pre-competency period (Randall and Szmant 2009, Heyward and 
Negri 2010). A diminished pre-competency period shortens the pelagic larval duration, 
altering dispersal patterns and connectivity between reefs (Figueiredo et al. 2014). 
Reduced connectivity can hamper recovery rates following disturbances. 
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The susceptibility of coral recruits to ocean warming has been the focus of very 
few studies, and the results differ greatly between species. The post settlement survival of 
A. solitaryensis and Porties asteroides significantly decreased with a 3°C and 2°C 
increase above ambient temperature, respectively; whereas Favites chinesis and A. 
spicifera were unaffected (Nozawa and Harrison 2007, Foster et al. 2015, Fourney and 
Figueiredo 2017). Elevated temperature has also resulted in higher respiration rates in 
Porites lutea recruits (Edmunds 2005), and an increase in budding rates and 
photochemical efficiency of Pocillopora damicornis (Jiang et al. 2017). Sheppard and 
Loughland (2002) suggested changes in species assemblages may result from ocean 
warming as elevated sea surface temperatures in the southern Arabian Gulf facilitated the 
recruitment of faviid corals. The survival and growth of coral recruits is essential for the 
replenishment of coral populations. Therefore, it is crucial to gain a better understanding 
on how this vulnerable life stage of corals will be impacted by warming temperatures.  
The negative effects of heat stress on corals may be exacerbated by local 
pressures such as sedimentation and turbidity. Natural reef sediment is composed of 
coarse grain particles, but coastal and port construction increases the amount of fine grain 
sediment in the water column (Erftemeijer et al. 2012). Fine sediments, such as silt, are 
easily re-suspended and remain in suspension for prolonged periods (Erftemeijer et al. 
2012), increasing turbidity and ultimately reducing the quantity and quality of light for 
corals (Storlazzi et al. 2015). This reduces the coral’s algal symbionts scope for 
photosynthesis, by which the majority of the coral’s energy is typically derived 
(Muscatine et al. 1984, Muscatine 1990, Hoegh-Guldberg et al. 2007). The coral itself 
can be stressed by sedimentation as it increases the respiration and mucus production of 
corals. This impacts the coral’s metabolism and diminishes its energy reserves (Riegl and 
Branch 1995). In addition, smothering of coral tissue by sediment reduces water flow, 
causing hypoxic conditions and promoting the growth of harmful bacteria, which can 
lead to tissue necrosis and mortality (Erftemeijer et al. 2012).  Increased sedimentation 
also negatively impacts the growth and calcification rates of coral (Nugues and Roberts 
2003, Erftemeijer et al. 2012), and prolonged exposure has resulted in a higher 
prevalence of disease, bleaching, and pigmentation responses (Pollock et al. 2016). The 
synchrony of gamete release during spawning events and therefore fertilization success 
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can be negatively affected by increased sedimentation (Tomascik and Sander 1987, 
Gilmour 1999), reducing the reproductive success of corals. Sediment present in the 
water column and reduced light levels may interfere with larval orientation and inhibit 
the downward migration of larvae towards the reef (Jones et al. 2015). Larval settlement 
can be inhibited by deposited sediment as it decreases the amount of suitable substrate 
(Babcock and Davies 1991, Gilmour 1999, Ricardo et al. 2017).   
Newly settled recruits are highly susceptible to sedimentation and turbidity, yet 
few studies have concentrated on coral recruits and their response to these stressors. It 
appears their responses are species-specific and recruit age influences their susceptibility. 
For example, Leptastrea purpurea and A. hyacinthus experienced greater mortality 1-2 
weeks post-settlement than one-month post-settlement (Moeller et al. 2017). Five-month 
old Porites astreoides recruits under high sedimentation levels and eight-month old A. 
millepora recruits under relatively low sedimentation levels both exhibited high mortality 
(Babcock and Smith 2002, Fourney and Figueiredo 2017). This suggests that even a 
small amount of sediment can have substantial impacts on recruit survival. High turbidity 
levels also negatively affected the survival of three to six-month old recruits of A. 
millepora, whereas the mortality of A. tenuis and Pocillopora acuta was unaffected, but 
growth was reduced (Humanes et al. 2017). The small size of recruits makes them highly 
susceptible to sediment smothering and reduced light stress (Jones et al. 2015). As 
sedimentation and turbidity are a growing problem, particularly along heavily populated 
coastlines, the negative effects on coral recruits may be intensified when coupled with 
increased temperatures.    
  Populations of species with a wide geographic range which encompasses 
environmental variability can be locally adapted to specific environmental conditions. 
This is evident in coral populations that are able to persist in extreme environments such 
as high temperatures, fluctuating temperatures, low light, and multiple stressors (Camp et 
al. 2018). For example, the Persian-Arabian Gulf and Red Sea are considered extreme 
thermal environments and support corals (Riegl and Purkis 2012, Fine et al. 2013). Coral 
populations have also been observed to be able to tolerate turbid nearshore areas (Morgan 
et al. 2016) and highly fluctuating temperatures in intertidal regions (Schoepf et al. 2015). 
Parents may pass on desirable traits to their offspring, influencing their ability to 
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withstand stress as a recruit.  In addition, studies have shown coral genotypes to differ in 
growth rates, tolerances to temperature, and susceptibility to disease (O'Donnell et al. 
2017, Drury et al. 2017, Libro and Vollmer 2016, Vollmer and Kline 2008). Genotypes 
may provide advantages to tolerate increased temperatures and/or sedimentation (and 
turbidity) depending on the parental history of the donor colony. 
 Understanding the range of sensitivity of coral recruits to increased temperature 
and sedimentation is imperative to predict species persistence through future ocean 
warming conditions and dredging/construction activities. It is likely that these effects are 
synergistic. Although combating global stressors such as ocean warming is difficult, 
reducing local anthropogenic stressors may alleviate the amount of stress corals undergo 
to allow them to be better able to cope with increased temperature. This study aimed to 
determine the effects of increased temperature and sedimentation (deposited sediment 
level and turbidity) on the survival and growth of newly settled recruits of Acropora 
cervicornis. This study also aimed to determine if recruits have greater advantages under 
these stressors depending on the location and genotype of their parents. Coral reefs are 
surrounded by heavily populated areas, which require coastal and port construction, such 
as dredging projects, beach nourishment, and building of piers and homes. It is essential 
to understand the impacts these activities have on coral recruits to allow for the 
successful replenishment of A. cervicornis populations under future warming conditions. 
The results of this study will be relevant for local managers throughout the Caribbean to 
regulate the amount of anthropogenic sediment produced near coral reefs.  
 
4. Methods 
4.1 Study Species 
 Acropora cervicornis, commonly known as the staghorn coral, is a 
hermaphroditic broadcast spawning coral (Figure 1). Gamete bundles are synchronously 
released into the water column annually for external fertilization, embryogenesis, and 
larval development to occur. This species is found throughout the Western Atlantic and 
Caribbean, with adult colonies generally found within depths of 1-25m (Aronson et al. 
2008a). This species was chosen for this study because of its importance as a major 
framework builder, the drastic decline of its population over the past few decades in the 
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Caribbean, and its subsequent threatened and critically endangered status (Aronson et al. 
2008a, NMFS 2006). 
 
Figure 1. Acropora cervicornis adult colony, staghorn coral. 
 
4.2 Sediment collection and preparation 
Sediment was collected from the top 10-20 cm of the sediment layer of the boat 
basin located near Port Everglades at Nova Southeastern University’s Guy Harvey 
Oceanographic Center via SCUBA diving. The sediment was dried in an oven at 70C for 
5 days and then sieved into a series of grain sizes (<63m, 63-180m, 180-500m, 
>500m) using a Sieve Shaker model RX-86. Percentages of each grain size were 
quantified to determine the sediment’s percent composition (<63m: 15.3%, 63-180m: 
42.2%, 180-500m: 40.2%, >500m: 2.3%), which was then applied to produce each 
deposited sediment level (0, 30, 60, and 120 mg.cm-2, representing the control, natural 
level, double the natural level, and levels during dredging events, respectively, Jordan et 
al. 2010). These sediment levels were defined as the amount of sediment deposited per 
cm2 in a 24 hr period. A preliminary trial was conducted to determine the amount of 
sediment that was needed to be added to each tank to produce the above-mentioned 
sediment levels.  Sediment traps were placed inside tanks equipped with a heater and 2 
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SunSun JP-032 Submersible Aquarium pumps with a flow rate of 350L hr-1 and several 
known amounts of sediment were added (11182.5, 22547.5, 55912.5, 78277.5, and 
100642.5 mg). The relationship between the amount of sediment added and the amount 
of sediment deposited within 24 hr was determined using a linear regression (Sediment 
deposited = -7.18 + 0.88 Sediment added). This relationship was then used to determine 
the amount of sediment necessary to produce each deposited sediment level.  
 
4.3 Coral collection, spawning, and settlement 
A week prior to the full moon in August 2017 (08/01/2017), 20 adult colonies 
(<30 cm) consisting of 8 genotypes of A. cervicornis were collected from NSU’s coral 
nursery (Layer Cake, 26.12453, -80.09703) and an outplant site (Core 3, 26.1712, -
80.0897) in Broward County, Southeast FL (Figure 2). Coral collection occurred a week 
prior to predicted spawning days (2-6 days after the full moon) because it was observed 
that they have spawned earlier in past years (pers. comm. Elizabeth Goergen). The adult 
colonies were carefully collected via SCUBA using shears. Temperature and light 
irradiance were measured at the collection sites at solar noon using a YSI® Pro20 
temperature probe (29.4C) and Li-Cor® Li-250A light meter (256.7 mol photons m-2 s-
1), respectively. Colonies were tagged to distinguish between genotype, and transported 
to NSU’s Guy Harvey Oceanographic Center. The adult colonies were then kept in a 
1500L outdoor recirculating aquaria under current summer temperature during August 
2017, equipped with mechanical, biological and chemical filtration, a calcium reactor, 
and shade cloth to mimic natural light conditions at the depth corals occurred. 
Every night for 2 weeks, the adult colonies were separated by genotype into 
buckets filled with seawater at sunset. They were monitored every 30 minutes for signs of 
setting and gamete release until approximately 01:00 and then placed back into the 
outdoor recirculating aquaria. The timing of setting and gamete release were noted for 
each genotype (Table S1). After spawning, all adult colonies were returned to their 
collection sites. 
Once gamete bundles were released, they were carefully collected from the 
surface by skimming the surface of the water with a cup. The gamete bundles were kept 
separate by genotype and brought back to the laboratory. The gamete bundles were 
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allowed to breakdown and then genotypic crosses were performed by mixing gametes of 
two genotypes to allow for fertilization. The number of genotypes that spawned each 
night determined the number of crosses performed. On August 5th and 8th, 2017, two 
genotypes spawned which resulted in one genotypic cross (3a x 9a). On August 9th, 2017, 
four genotypes spawned, resulting in six genotypic crosses (3a x 9, 3a x 9a, 3a x 
Unknown, 9 x 9a, 9 x Unknown, and 9a x Unknown). Every 30 minutes for 2h30, a 
sample of at least 100 eggs was observed under the microscope to determine if cleavage 
was occurring—an indication that fertilization had taken place. Once fertilization was 
observed, a series of dilutions was performed to remove sperm from the egg’s surface 
and prevent polyspermy (Fogarty et al. 2012). The embryos were reared to the larval 
stage in polystyrene containers at a density of 1 embryo/mL with 1 m filtered, sterilized 
seawater. The polystyrene containers were placed in a water bath kept at current summer 
temperature (29C) and water changes were performed every day. Four to 5 days after 
fertilization, the larvae were observed probing the bottom of the containers, 
demonstrating competency (i.e. ready to settle on a suitable substrate). Tiles that were 
pre-conditioned in the coral nursery to accumulate crustose coralline algae and a bacterial 
microfilm for 3 months were introduced into the polystyrene containers with the larvae to 
allow for settlement and metamorphosis. The tiles were observed under an Olympus 
dissecting microscope to determine the number of larvae settling and completing 
metamorphosis every 24 hours until all larvae settled or died. Pictures of the newly 
settled coral recruits were taken with the software cellSens Standard 1.12 to measure 
surface area. The recruits of different genotypic crosses were then equally and randomly 
split among experimental treatments. 
Two days after the full moon in August 2017, approximately 35 adult colonies 
consisting of 20 genotypes at Coral Restoration Foundation (CRF) offshore coral nursery 
near Tavernier, FL were monitored in the field for coral spawning (Figure 2). Colonies 
were temporarily tented with plankton mesh with a falcon tube attached to the top and 
monitored during predicted spawning times (21:30-0:00). The timing of setting and 
gamete release were noted for each genotype (Table S2). Once the positively buoyant 
gamete bundles were released, they floated into the falcon tube which was then detached 
and brought back to the boat. The gametes were transported to the laboratory to perform 
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fertilization as described above. On August 10th, 2017, four genotypes spawned which 
resulted in 6 genotypic crosses (M5 x K2, M5 x U17, M5 x U66, K2 x U66, K2 x U17, 
and U17 x U66). The larvae were then reared as described above. When the larvae 
became competent (5 days later), they were transported to NSU’s Guy Harvey 
Oceanographic Center on August 15th, 2017 and the larvae were settled as described 
above. 
Figure 2. Collection sites off of Broward County and Tavernier, Southeast Florida. 
 
4.4 Experimental Design 
A crossed design consisting of 2 temperatures (29°C and 31°C, current summer 
temperature and predicted future temperature for 2050 (IPCC 2014b), respectively) and 4 
deposited sediment levels (described above) was used with 2 replicate tanks per treatment 
(Figure 3). Each tank contained an individual heater, 2 SunSun JP-032 Submersible 
Aquarium pumps with a flow rate of 350L hr-1, and Aqua Illumination Sol LED lights to 
replicate a 12:12 hour light:dark photoperiod and irradiance on the reef. Photosynthetic 
active radiation (PAR) was set to ~15 mol m-2 s-1 to mimic conditions in the field 
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underneath surfaces and in crevices. Salinity was maintained at 35 ppt and measured 
daily with a refractometer. Due to evaporation, reverse osmosis water was added to 
maintain salinity when necessary. Fifty percent water changes were implemented 3 times 
a week. Once a week, coral recruits were fed Reef-Roids and a 100% water change was 
performed the following day. To determine the turbidity for each deposited sediment 
level, turbidity was measured using a LaMotte 2020we turbidimeter in Neplelometric 
Turbidity Units (NTU, Figure 4). These measurements were taken every hour for the first 
week and then monitored before and after every water change. Boxplots were then 
constructed for each treatment and the 25% and 75% quartile were used for the range of 
turbidity associated with each treatment (3-8.83, 5.9-14.7, 13.2-29.2, 2.26-7.32, 4.62-
12.7, and 11.38-28.44 NTU representing 29C, 30 mg cm-2; 29C, 60 mg cm-2; 29C, 120 
mg cm-2; 31C, 30 mg cm-2; 31C, 60 mg cm-2, 31C, 120 mg cm-2; respectively). The 
range of turbidity associated with each deposited sediment level regardless of 
temperature were determined by calculating the medians for each deposited sediment 
level (4.52-5.35, 8.16-9.7, and 18.53-19.4 NTU representing 30 mg cm-2, 60 mg cm-2, 
120 mg cm-2, respectively, Figure 5). Ammonia, nitrate, nitrite, phosphate, and copper 
concentrations were determined weekly and recorded. For 3 months, survivorship of each 
recruit was recorded and pictures of each recruit were taken weekly using an Olympus 
LC20 digital camera and Olympus SZ61 dissecting microscope. Surface area of each 
recruit was measured using these pictures and the imaging software cellSens Standard 
1.12. 
Figure 3. Crossed experimental design to test the effect of increased temperature 
and deposited sediment level (and turbidity). 
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Figure 4. Turbidity measurements in Nephelometric Turbidity Units for each 
treatment containing sediment. The colors of the curves represent the different deposited 
sediment levels whereas the solid line represents current summer temperature and the 
dashed line represents heated temperature. The faded lines represent the beginning of the 
following week. 
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Figure 5. Boxplots of the turbidity measurements for each treatment. The colors 
represent the different deposited sediment levels. 
 
4.5 Statistical Analysis 
 To determine if temperature and sedimentation affected recruit survival, 
modelling of survival dynamics was performed using methods by Connolly & Baird 
(2010).  Two models were fit to the survival data which consisted of an exponential 
model that uses mortality as a constant rate and Weibull model where the mortality rate 
changes over time. 
 A standard likelihood formulation for the survival analysis was used and the 
design was interval-censored since no recruits were removed during the study and 
recruits were censused at fixed points in time. The log-likelihood is: 
∑([𝐴(𝑡 − 1) − 𝐴(𝑡)] log[𝑃𝑎(𝑡 − 1) − 𝑃𝑎(𝑡)]) + 𝐴(𝑡𝑓)log⁡[𝑃𝑎(𝑡𝑓)]
𝑡𝑓
𝑡=𝑡𝑓
 
where 𝑡𝑓 is the last day larvae were censused, A(t) is the number of individuals alive at 
time t and 𝑃𝑎(𝑡) is the probability of being alive at time t (days): 
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𝑃𝑎(𝑡) = 𝑒
−∫ 𝜇(𝜏)𝑑𝜏
𝑡
𝜏=0 . 
The standard Weibull survival model has a mortality rate of: 𝜇(𝑡) = 𝜆𝜈(𝜆𝑡)𝜈−1, where 𝜆 
is the scale parameter and 𝜈 is the shape parameter. The exponential model is the special 
case of the Weibull model when 𝜈=1 and the mortality rate is 𝜇(𝑡) = 𝜆. To assess which 
model (exponential or Weibull) best fit the survival data, the survival data was pooled 
from different temperature and deposited sediment levels (and turbidity) and fitted to 
each distribution (using tank as replicate). The parameters were estimated using 
maximum likelihood, and the Weibull model exhibited the lowest Akaike Information 
Criteria (AIC, Table S3) and was selected as the best functional form for the survival 
data.  
The Weibull model was then used to assess the effect of temperature and 
sedimentation on recruit survival. Parameters, maximum log-likelihood (MLL), and AIC 
were estimated by comparing models where all parameters were independent of the 
factors with models where the survival parameters were dependent on the factor(s). A 
likelihood-ratio test was then used to determine if there were significant differences 
(Table S4). If factors were determined to significantly affect recruit survival, then a post-
hoc multiple comparisons test was performed using the same model comparison method 
between all combinations of treatments of temperature and deposited sediment levels 
(and turbidity, Table S5). To assess if recruit survival was dependent on parental location, 
model comparison was performed as above using parental location as a factor. To assess 
if parental genotype affected recruit survival, the temperature and deposited sediment 
levels that promoted the highest survival and the lowest survival were determined. Due to 
low replication, some genotypic crosses were excluded from this part of the analysis. 
Then, only using these “best” and “worst” treatments, models where all parameters were 
independent of recruit genotype were compared with models where the survival 
parameters were genotype dependent (Table S6). To assess if there were any 
temperature-tolerant genotypes, these models were compared between treatments of the 
“best” temperature and “best” deposited sediment level with the “worst” temperature and 
“best” deposited sediment level. To assess if there were any sediment tolerant genotypes, 
these models were compared between treatments of the “best” temperature and “best” 
deposited sediment level with the “best” temperature and “worst” deposited sediment 
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level. To assess if there were any temperature and sediment tolerant genotypes, these 
models were compared between treatments of the “best” temperature and “best” 
deposited sediment level with the “worst” temperature and “worst” deposited sediment 
level. Model comparison between treatments was performed by determining MLL and 
AIC, and using a likelihood-ratio test. 
To determine if temperature and sedimentation affected recruit growth, it was 
imperative to first assess if mortality was size-dependent. Since growth curves generally 
follow individuals that never die and mortality occurred throughout the experiment, it 
was hypothesized that recruits with a larger initial size survived longer than smaller 
recruits. Larger individuals generally have more energy reserves to allocate to survival 
and growth. If this was the case, then simply graphing their growth curves would 
overestimate growth after the smaller individuals died. To assess if recruit mortality was 
size-dependent, a Generalized Linear Model (GLM) was performed. Mortality was not 
size dependent (Chisq, p = 0.36, df =1), thus the surface area of recruits was modelled 
using an exponential model. To assess the effect of the temperature and sedimentation on 
recruit growth, model comparison was performed between a model where growth 
parameters were independent of the factors and models where the growth parameters 
were dependent on the factor(s) using a likelihood ratio test (Table S7). If the factors 
significantly affected recruit growth, a post-hoc multiple comparisons test was performed 
by estimating the parameters, determining MLL and AIC, and using a likelihood-ratio 
test to determine if there were significant differences. To assess if recruit growth was 
dependent on parental location, exponential models where all parameters were 
independent of parental location were compared with models where the growth 
parameters were dependent on parental location. To assess if there were any temperature 
and/or sediment tolerant genotypes, model comparisons were performed as described 
above for recruit survival, but using the exponential model (Table S8). 
 
5. Results 
5.1 Spawning 
Spawning between sites, Broward County and the Florida Keys, and between 
genotypes was asynchronous. One out of 8 genotypes collected in Broward County and 
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kept in outdoor aquaria began spawning the night after collection (08/01/2017) and peak 
gamete release was observed on August 9th, 2017. Four out of the 8 genotypes collected 
spawned over the 2 weeks they were monitored (Table S1). Nineteen out of the 30 
genotypes at the CRF offshore nursery spawned over the 4 nights they were monitored 
and peak gamete release was observed on August 11th, 2017 (Table S2). 
 
5.2 Recruit Survival 
Recruit survival (Figure 6) was significantly affected by temperature and 
deposited sediment level and turbidity (p = 4.62x10-5 and p = 6.84x10-41, respectively). 
Elevated temperature had a significantly negative effect on survival. At each deposited 
sediment level, elevated temperature either increased mortality or produced a survival 
similar to current summer temperature (Figure 7). For example, elevated temperature 
significantly increased recruit mortality under 0 and 60 mg cm-2 deposited sediment level 
(0 and 8.16-9.7 NTU, respectively); whereas, recruit mortality was similar among the 
current summer and increased temperature for the 30 and 120 mg cm-2 deposited 
sediment levels (4.52-5.35 and 18.53-19.4 NTU, respectively, Figure 7). 
At each temperature, recruit survival decreased with increasing deposited 
sediment level from 30 to 120 mg cm-2 (4.52-19.4 NTU). Regardless of temperature, the 
lowest deposited sediment level (30 mg cm-2, 4.52-5.35 NTU) yielded the highest recruit 
survival. The highest deposited sediment level (120 mg cm-2, 18.53-19.4 NTU) yielded 
the lowest recruit survival. However, the 0 mg cm-2 deposited sediment level (0 NTU) 
promoted significantly higher recruit mortality than under 30 to 60 mg cm-2 deposited 
sediment (4.52-9.7 NTU). Recruit survival at 29C, 60 mg cm-2 (5.9-14.7 NTU) was 
similar to recruit survival at 31C, 30 mg cm-2 (2.26-7.32 NTU). 
Parental location significantly affected recruit survival (p=1.11x10-11). Recruits 
produced by adult colonies from the Florida Keys had significantly higher survival than 
those from Broward County (Figure 8).  However, none of the parental genotypes 
appeared to confer their offspring with higher or lower tolerance to increased temperature 
and/or deposited sediment and turbidity (p > 0.05, Table S5). 
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Figure 6. Kaplan Meier survival curves for newly settled recruits in each treatment. The 
colors of the lines represent the different deposited sediment level and turbidity. Solid 
lines represent current summer temperature and the dashed lines represent increased 
temperature. 
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Figure 7. Weibull survival models for newly settled recruits in each treatment. The colors 
of the curves represent the different deposited sediment levels whereas the solid line 
represents current summer temperature and the dashed line represents heated 
temperature. 
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Figure 8. Weibull survival models for newly settled recruits from each parental location. 
 
5.3 Recruit Growth 
Temperature and deposited sediment level did not significantly affect recruit 
growth (p > 0.05, Figure 9).  Parental location significantly affected recruit growth (p = 
7.64x10-7), as recruits produced from adults that originated in Broward County exhibited 
a higher initial size but slower growth rate (Figure 10). Growth did not differ among 
parental genotypes subjected to increased temperature and/or high deposited sediment 
and turbidity conditions (p > 0.05, Table S6). 
 25 
 
Figure 9. Exponential growth model for newly settled recruits in each treatment. The 
colors of the models represent the different deposited sediment levels whereas the solid 
line represents current summer temperature and the dashed line represents heated 
temperature. 
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Figure 10. Exponential growth model for newly settled recruits from different parental 
locations. 
 
6. Discussion 
This study determined that increased temperature and increased deposited 
sediment (and turbidity) had additive negative effects on Acropora cervicornis recruit 
survival. Increasing temperature by 2C was as deleterious to recruit survival as doubling 
the natural level of deposited anthropogenic sediment (60 mg cm-2). The absence of 
sediment reduced recruit survival likely due to increased competition with algae. The 
recruits from the Florida Keys had a higher survival but smaller initial size and higher 
growth rate than the offspring from Broward County. However, none of the parental 
genotypes seemed to confer their offspring with higher or lower tolerance to elevated 
temperature and/or high deposited sediment and turbidity.  
Increasing temperature by 2°C above current summer temperature significantly 
reduced recruit survival. Corals live in a narrow temperature range with anomalously 
high temperatures resulting in coral bleaching (Glynn 1996, McWilliams et al. 2005). 
Increased temperature generally increases the respiration rate of coral recruits, increasing 
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in their energy expenditure (Edmunds 2005). This leads to a faster depletion of energy 
reserves resulting in less energy to repair lesions or fight pathogens (Rinkevich 1996, 
Rodrigues and Grottoli 2009, Brandt and McManus 2009), and higher susceptibility to 
stressors (Anthony et al. 2007), thus higher risk of mortality. In comparison to adult 
corals, coral recruits have less energy stored and have a small number of Symbiodinium 
and therefore must rely on heterotrophic feeding to replenish energy. Adult corals have 
been able to cope with stressors by replenishing their energy through heterotrophic 
feeding (Grottoli et al. 2006, Borell and Bischof 2008). There is evidence of reef-building 
corals surviving temperature fluctuations in the past (MacCracken et al. 1990), yet these 
historic events did not undergo such accelerated changes in temperature over a short 
period of time as it is being observed today. Therefore, the impacts of modern day sea 
surface temperature rise will be deleterious. The pressure of ocean warming on corals is 
also compounded by local anthropogenic stressors such as increased sedimentation, as 
evidenced in this study. 
As deposited anthropogenic sediment (and turbidity) increased from 30 to 120 mg 
cm-2 (4.52-19.4 NTU), the survival of A. cervicornis recruits decreased over 80 days. The 
anthropogenic sediment associated with coastal construction, beach renourishment, and 
dredging is mostly comprised of fine grain sediment due to the deposition of fine grain 
sediment over long periods of time. Fine sediment is easily re-suspended in the water 
column, thus contributing to increased turbidity and reduced light penetration. A 
reduction in light availability reduces the photosynthetic activity of the Symbiodinium 
which provides up to 95% of the coral’s energy (Muscatine et al. 1984, Muscatine 1990). 
Although sediment is naturally found on coral reefs, it is composed of coarse grain 
particles which settle out of the water column relatively fast, allowing turbidity to remain 
below 1 NTU (Boyer and Briceno 2015). A recent study found that recruit survival was 
dependent on the composition of sediment as natural sediment promoted higher recruit 
survival and anthropogenic sediment reduced recruit survival of the coral Porites 
astreoides (Fourney and Figueiredo 2017). Once the fine grain sediment settles out of the 
water column, it can smother corals, compromising their survival. Corals can clear 
sediment using ciliary currents, tissue expansion, and mucus production (Staffordsmith 
and Ormond 1992), but that has energetic costs. Deposited sediment may also cause 
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physical damage due to abrasion, reduce water flow causing anoxic conditions, and 
reduce feeding capabilities by clogging feeding structures (Weber et al. 2012, Erftemeijer 
et al. 2012). However, recruits are more susceptible to sediment stress than adults 
(Fabricius 2005). This study demonstrated that three-month-old A. cervicornis recruits 
are vulnerable to elevated deposited sediment levels and turbidity. 
 While increased sedimentation is detrimental to corals, the absence of sediment 
led to an increase in mortality and reduced growth of A. cervicornis recruits, most likely 
due to an increase in competition with algae. In treatments without sediment, algae was 
observed overgrowing and engulfing recruits. The coral recruits most likely experienced 
shading and abrasion, which has been shown to increase coral mortality and reduce 
growth rates (Harriott 1983, Vadas et al. 1992, Box and Mumby 2007, Arnold et al. 2010, 
Yarrington et al. 2013). High levels of anthropogenic (fine) sediment were detrimental to 
coral recruit survival and prevented algal growth. Low amounts of sediment also 
prevented algal survival and growth, but promoted coral survival, most likely reducing 
the competition between coral and macroalgae. Therefore, the effect of the algae 
appeared to have greater negative effects on A. cervicornis recruits in the absence of 
sediment than under low amounts of sediment and associated turbidity.  
When increased temperature and sedimentation are combined, their negative 
effects are exacerbated, resulting in higher recruit mortality. Elevated temperatures may 
have reduced the ability and/or energy available for A. cervicornis recruits to reject 
sediment. Previous studies have demonstrated lower sediment clearance rates under high 
temperature (Ganase et al. 2016) and reduced sediment clearance capabilities after adult 
fragments were subjected to elevated temperature to induce bleaching (Bessell-Browne et 
al. 2017). Coral recruits have small energy storage and tentacle and ciliary structures, 
thus they may be less capable of sediment clearance compared to adults. These sediment 
rejection mechanisms would be even more compromised during warmer months of the 
year. As coral bleaching events become more frequent (Hughes et al. 2018), this could 
have severe consequences when compounded by coastal construction activities. Corals 
will not have adequate recovery periods between these successive and/or simultaneous 
anthropogenic stressors. Increasing temperature by 2C was as deleterious to recruit 
survival as doubling the natural level of deposited anthropogenic sediment. This suggests 
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that eliminating one stressor will allow recruits to be better able to cope with the other. 
Although reducing carbon emissions to combat ocean warming may only be 
accomplished in the long term, efforts to reduce local anthropogenic sedimentation may 
improve acroporids ability to survive in the future. 
 Coral growth did not differ among temperatures nor various deposited sediment 
levels and turbidity. Three-months may have not been a sufficient amount of time to 
observe a significant change in size for newly settled recruits. Most of the recruits did not 
acquire Symbiodinium throughout this experiment or they were present in low densities, 
thus may not have gained enough energy to grow. Although the recruits were fed weekly, 
it is possible that recruits were allocating this energy exclusively to survive. Similarly, a 
previous study found adult A. cervicornis colonies subjected to various deposited 
sediment levels and frequencies did not differ in growth rates (Rogers 1979). The effects 
of elevated temperature and sedimentation appear to be species-specific. For example, the 
post-settlement survival and growth rates of coral recruits can be negatively affected or 
unaffected by an increase in temperature and/or sedimentation (Nozawa and Harrison 
2007, Fourney and Figueiredo 2017, Humanes et al. 2017, Moeller et al. 2017). 
Therefore, further research on the effects of increased temperature and sedimentation on 
multiple species of coral recruits would provide a better understanding for coral 
recruitment and the replenishment of populations. 
 Offspring of adult corals from the Florida Keys exhibited a smaller initial size and 
slightly higher growth rate than those from Broward County. The differences in growth 
between populations most likely resulted from the differences in initial size between 
populations. As the Florida Keys has a smaller human population neighboring their coral 
reefs than Broward County (Crossett et al. 2008), the Florida Keys may be subjected to 
less local anthropogenic disturbances. Adult coral colonies from the Florida Keys may 
have more energy to allocate to their offspring, yet they produced recruits with a smaller 
initial size. Adult corals located in Broward County may have produced recruits with a 
larger initial size because they may be fed more heterotrophically and thus, have more 
energy to invest in their offspring. Broward County adult corals may have also invested 
more energy into their offspring to ensure their survival under less ideal conditions. 
However, the recruits from the Florida Keys survived better than the recruits from 
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Broward County. Since coral spawning in the Florida Keys and in Broward County 
overlapped, a separate team performed the fertilization, larval rearing, and larval 
settlement in Broward County. Thus, the recruits from Broward County may have 
exhibited a larger initial size due to inconsistencies with the timing in which the initial 
pictures of the recruits were taken following settlement and metamorphosis. Therefore, 
the results from parental location were inconclusive.  
None of the parental genotypes appeared to confer their offspring with higher or 
lower tolerance to warming and/or sedimentation. Coral reefs typically contain coarse 
sediment which has been shown to increase the survival of Porites astreoides recruits 
(Fourney and Figueiredo 2017). Since coral reefs generally do not contain fine sediment, 
genotypes may not have conferred advantageous traits to their offspring because they did 
not evolve in those certain environmental conditions. The genotypes also evolved in a 
relatively narrow temperature range (Glynn 1996, Berkelmans and Willis 1999), thus all 
of the genotypes cannot tolerate temperatures outside of this range. In contrast, some 
studies have demonstrated responses to thermal stress to be dependent on coral genotype 
(Baums et al. 2013, Polato et al. 2013, Drury et al. 2017). These thermally tolerant 
genotypes should be assessed with caution as more recent studies are demonstrating that 
genotypic responses to thermal stress and disease vary spatially and temporally (Miller et 
al. 2014, Drury et al. 2017, Goergen and Gilliam 2018). Additionally, since the recruits 
from the Florida Keys exhibited an overall higher survival than those from Broward 
County, parental genotypes from the Florida Keys should confer their offspring with 
higher tolerance to temperature and/or sediment. However, parental genotype did not 
affect survival nor growth, thus the effects of parental genotype on recruit survival and 
growth are inconclusive. 
 The combined negative effects of ocean warming and increased sedimentation on 
coral recruits can be alleviated by regulating deposited sediment levels and associated 
turbidity levels. It is clear that the impact of sedimentation compounds increased 
temperatures (Ganase et al. 2016, Bessell-Browne et al. 2017, Fourney and Figueiredo 
2017). Deposited sediment levels and turbidity around coral reefs therefore need to be 
monitored and regulated. The harmful effects of sediment appear to be stronger in 
recruits than in adults (Fabricius 2005), specifically for A. cervicornis which is an 
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endangered species. In the United States, A. cervicornis occurs in Florida Puerto Rico, 
and the United States Virgin Islands, and the EPA currently allows construction activities 
to generate up to 29 NTU above natural background turbidity levels (UESPA 2017). The 
results of this study suggest that these turbidity levels are detrimental for the recovery and 
persistence of A. cervicornis and therefore should be revised and set at a level adequate 
for coral reef ecosystems. The results of this study suggest a turbidity level of 4.52-5.35 
NTU to allow for the successful recruitment of A. cervicornis. Regulations should also 
consider the duration of the stressor. Short term acute stressors may be as deleterious as 
low intensity chronic stressors. New standards for turbidity are also suggested that could 
be measured in NTU weeks, similar to degree heating weeks used to measure heat stress. 
In addition, halting construction activities and dredging projects during summer months 
could facilitate coral recovery by partitioning experience of sediment stress from peak 
summer temperatures. Natural events in Florida, such as storms and hurricanes, increase 
turbidity and deposited sediment. Pausing construction activities during these times of the 
year could help prevent enhanced mortality of A. cervicornis recruits due to even higher 
levels of deposited sediment and turbidity. 
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9. Appendix 
 
Table S1. Date and time of gamete bundle release of each genotype of adult coral 
colonies in Broward County. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Day of Gamete Release Genotype Collection Site Time 
8/2/17 3a Layer Cakes 8:06 PM 
8/3/17 3a Layer Cakes 8:06 PM 
8/4/17 3a Layer Cakes 8:05 PM 
8/5/17 3a Layer Cakes 8:05 PM 
8/5/17 9a Layer Cakes 8:05 PM 
8/8/17 9a Layer Cakes 8:02 PM 
8/8/17 3a Layer Cakes 8:02 PM 
8/9/17 9a Layer Cakes 8:01 PM 
8/9/17 9 Layer Cakes 8:01 PM 
8/9/17 Unknown Core 3 8:01 PM 
8/9/17 3a Layer Cakes 8:01 PM 
8/11/17 Unknown Core 3 7:59 PM 
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Table S2. Date and time of gamete bundle release for each genotype that spawned 
at the offshore Coral Restoration Foundation nursery. 
Day of Gamete Release Genotype Time of Setting 
Time of Gamete 
Release 
8/10/17 M5 11:10 PM 11:15 PM 
8/10/17 K2 11:10 PM 11:15 PM 
8/10/17 U17 11:10 PM 11:15 PM 
8/10/17 U66 11:10 PM 11:15 PM 
8/11/17 U41 9:35 PM 10:43 PM 
8/11/17 U62 9:35 PM 10:43 PM 
8/11/17 U19 9:35 PM 10:43 PM 
8/11/17 U15 9:35 PM 10:43 PM 
8/11/17 U70 9:35 PM 10:43 PM 
8/11/17 M7 9:35 PM 10:43 PM 
8/11/17 U71 9:35 PM 10:43 PM 
8/11/17 U48 9:35 PM 10:43 PM 
8/11/17 U16 9:35 PM 10:43 PM 
8/11/17 U57 9:35 PM 10:43 PM 
8/11/17 U55 9:35 PM 10:43 PM 
8/11/17 U56 9:35 PM 10:43 PM 
8/11/17 U17 9:35 PM 10:43 PM 
8/12/17 M7 10:22 PM 10:34 PM 
8/12/17 U56 10:22 PM 10:47 PM 
8/12/17 U33 10:22 PM 10:48 PM 
8/12/17 U67 10:22 PM 10:48 PM 
8/12/17 U62 10:22 PM 10:55 PM 
8/12/17 U19 10:22 PM 10:50 PM 
8/12/17 U76 10:22 PM 10:51 PM 
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Table S3. Number of parameters, maximum log-likelihoods (MLL) and Akaike 
Information Criteria (AIC) for each survival distribution. 
 
Table S4. Number of parameters, maximum log likelihood (MLL), Akaike Information 
Criteria (AIC) estimates and associated p-values used to determine effect of factors on 
recruit survival. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Distribution No. of parameters MLL AIC 
Weibull 2 -2058.972 4121.944 
Exponential 1 -2077.161 4156.322 
 No. parameters MLL AIC p - values 
No effect 2 2035.065 4121.944 - 
Parental location 4 -2022.235 4048.47 1.11x10-16 
Temperature 4 -2018.878 4105.98 4.62x10-5 
Sedimentation 8 -1953.512 3931.862 6.84x10-41 
Temperature + 
Sedimentation 
16 -1928.734 3912.728 1.26x10-42 
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Table S5. Number of parameters, maximum log likelihood (MLL), Akaike Information 
Criteria (AIC) and associated p-values when comparing recruit survival between 
treatments of temperature and deposited sediment levels (and turbidity). 
 
 
 no effect of treatment effect of treatment  
Treatments compared 
No. 
parameters 
MLL AIC 
No. 
parameters 
MLL AIC p-value 
29°C, 
0 mg.cm-2 
29°C, 
30 mg.cm-2 
2 -574.0339 1152.07 4 -564.405 1136.81 6.58E-05 
29°C, 
0 mg.cm-2 
29°C, 
60 mg.cm-2 
2 -620.231 1244.46 4 -606.0115 1220.02 6.68E-07 
29°C, 
0 mg.cm-2 
29°C, 
120 mg.cm-2 
2 -533.0846 1070.17 4 -503.7634 1015.52 1.84E-13 
29°C, 
0 mg.cm-2 
31°C, 
0 mg.cm-2 
2 -528.4157 1060.83 4 -517.1391 1042.27 1.27E-05 
29°C, 
0 mg.cm-2 
31°C, 
30 mg.cm-2 
2 -585.02 1174.04 4 -577.6093 1163.21 0.00060 
29°C, 
0 mg.cm-2 
31°C, 
60 mg.cm-2 
2 -530.6061 1065.21 4 -526.6549 1061.30 0.019 
29°C, 
0 mg.cm-2 
31°C, 
120 mg.cm-2 
2 -539.8057 1083.61 4 -506.0656 1020.13 2.22E-15 
29°C, 
30 mg.cm-2 
29°C, 
60 mg.cm-2 
2 -554.1591 1112.31 4 -549.9882 1107.97 0.015 
29°C, 
30 mg.cm-2 
29°C, 
120 mg.cm-2 
2 -484.2113 972.42 4 -447.7401 903.48 1.45E-16 
29°C, 
30 mg.cm-2 
31°C, 
0 mg.cm-2 
2 -488.9368 981.87 4 -461.1158 930.23 8.27E-16 
29°C, 
30 mg.cm-2 
31°C, 
30 mg.cm-2 
2 -521.939 1047.87 4 -521.586 1051.17 0.70 
29°C, 
30 mg.cm-2 
31°C, 
60 mg.cm-2 
2 -477.357 958.71 4 -470.6316 949.26 0.0012 
29℃, 
30 mg.cm-2 
31°C, 
120 mg.cm-2 
2 -496.7401 997.48 4 -450.0423 908.08 5.24E-21 
29°C, 
60 mg.cm-2 
29°C, 
120 mg.cm-2 
2 -512.0853 1028.17 4 -489.3465 986.69 1.33E-10 
29°C, 
60 mg.cm-2 
31°C, 
0 mg.cm-2 
2 -526.1157 1056.23 4 -502.7223 1013.44 6.92E-11 
29°C, 
60 mg.cm-2 
31°C, 
30 mg.cm-2 
2 -565.5126 1135.02 4 -563.1924 1134.38 0.098 
29°C, 
60 mg.cm-2 
31°C, 
60 mg.cm-2 
2 -516.1507 1036.30 4 -512.2381 1032.47 0.019 
29°C, 
60 mg.cm-2 
31°C, 
120 mg.cm-2 
2 -525.6259 1055.25 4 -491.6487 991.29 1.75E-15 
29°C, 
120 mg.cm-2 
31°C, 
0 mg.cm-2 
2 -410.195 824.39 4 -400.4742 808.94 6.00E-05 
29°C, 
120 mg.cm-2 
31°C, 
30 mg.cm-2 
2 -487.9772 979.95 4 -460.9443 929.88 1.82E-12 
29°C, 
120 mg.cm-2 
31°C, 
60 mg.cm-2 
2 -421.6306 847.26 4 -409.99 827.98 8.80E-06 
29°C, 
120 mg.cm-2 
31°C, 
120 mg.cm-2 
2 -391.4256 786.85 4 -389.4006 786.80 0.132 
31°C, 
0 mg.cm-2 
31°C, 
30 mg.cm-2 
2 -496.7382 997.47 4 -474.3201 956.64 1.84E-10 
31°C, 
0 mg.cm-2 
31°C, 
60 mg.cm-2 
2 -431.7284 867.45 4 -423.3657 854.73 0.00023 
31°C, 
0 mg.cm-2 
31°C, 
120 mg.cm-2 
2 -410.2884 824.57 4 -402.7763 813.55 0.00055 
31°C, 
30 mg.cm-2 
31°C, 
60 mg.cm-2 
2 -487.7097 979.41 4 -483.8359 975.67 0.0208 
31°C, 
30 mg.cm-2 
31°C, 
120 mg.cm-2 
2 -500.0812 1004.16 4 -463.2465 934.49 1.01E-16 
31°C, 
60 mg.cm-2 
31°C, 
120 mg.cm-2 
2 -429.6817 863.36 4 -412.2921 832.58 2.80E-08 
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Table S6. Number of parameters, maximum log likelihood (MLL), Akaike Information 
Criteria (AIC) estimates and associated p-values used to determine the effect of genotype 
on recruit survival between certain treatments of temperature and deposited sediment 
levels. 
 
 
Table S7. Number of parameters, maximum log likelihood (MLL), Akaike Information 
Criteria (AIC) estimates and associated p-values used to determine effect of factors on 
recruit growth. 
 No. parameters MLL AIC p - value 
No effect 1 -947.721 1897.442 - 
Parental location 4 -681.9493 1868.2206 7.64x10-07 
Temperature 4 -972.268 1952.536 1 
Sedimentation 8 -1137.029 2290.058 1 
Temperature + 
Sedimentation 
16 -1170.866 2373.732 1 
 
 
 
 
 
 
 
 
 
 
 
 No. parameters MLL AIC p - value 
No effect 2 -74.22082 152.4416 - 
29°C, 30 mg.cm-2 vs. 
29°C, 120 mg.cm-2 
6 -246.7974 505.5948 1 
29°C, 30 mg.cm-2 vs. 
31°C, 30 mg.cm-2 
4 -227.463 462.926 1 
29°C, 30 mg.cm-2 vs. 
31°C, 120 mg.cm-2 
8 -345.0409 706.0818 1 
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Table S8. Number of parameters, maximum log likelihood (MLL), Akaike Information 
Criteria (AIC) estimates and associated p-values used to determine the effect of genotype 
on recruit growth between certain treatments of temperature and deposited sediment 
levels. 
 No. parameters MLL AIC p - values 
No effect 1 639.068 -1276.14 - 
29°C, 30 mg.cm-2 vs.  
29°C, 120 mg.cm-2 
6 65.5745 -119.15 1 
29°C, 30 mg.cm-2 vs.  
31°C, 30 mg.cm-2 
4 159.061215 -310.12 1 
29°C, 30 mg.cm-2 vs.  
31°C, 120 mg.cm-2 
8 63.180005 -110.36 1 
 
